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,,: AN INVESTIGATION IN THE NASA MSFC 14-1NCH
TRISONIC WIND TUNNEL TO DETERMINE THE PRESSURE
DISTRIBUTION OVER THE COMPONENTS OF A 0.004 SCALE
VERSION OF THE ROCKWELL MCR 0074 BASELINE SHUTTLE
ASCENT CONFIGURATION (IA32¥)
by
Paul E. Ramsay, NASA/MSFC
ABSTRACT
An aerodynamic investigation was conducted in the MSFC 14xl4-inch
Trisonic Wind Tunnel to determine the pressure distribution over the
components of a .004 scale version of the Rockwell International MCR 0074
baseline Shuttle ascent configuration. Data were obtained for Math m m-
bets from 0.6 to 3.48, angles of attack from-10 to 10 degrees, and angles
of sideslip from -10 to 10 degrees at zero angle of attack. Also, -4 and
7
4 degrees sideslip were run for an angle of attack of -5 and 5 degrees.
The baseline geometric parameters were Orbiter/ET in_dence of 0.5 d_sree,
: t
separation distance at aft tie point 0.14 inch, baseline SRN location
(_s I 90 °, Xs . 0), end ET ogive nose without tetro rocket package. Con-
trol deflections were excluded from investigation. Data are presented iu
terms of pressure coefficient, CP, as a function of longitudinal distance,F
X/L, at constant circumferential position, _, and _ at constant X/L. Be-
cause of the large volume of data obtained, only typical plots are in this
report. Volume 1 contains plotted ET pressure data; Volume 2 contains
plotted SRN pressure data; and Volume 3 contains the appendix--the com-
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SYHBOL SYHBOL DEFI NI TION
Ab ba_e _Iren, In 2
bre f BREF lateral reference length, in.
c theoretical chord leugth, in.
Cp CP pressure coefficient, p£ - P"
CONFIG configuration code q
i o ORBINC orbiter incidence angle relative to
external tank, positive when tail down,
def.
£ref LREF longitudinal reference length, In.
£s LS length of SRH, in.
£t LT length of external tank, in.
_, l_CH freestream _ach number
P_ local pressure measured on the test
model, psi
P_ PSA freestream static pressure, psi
PT PT& freestream total pressure, psi
q Q dynamic presoure, pal
RN/£ RL Reynolds number per unit length;
million/ft
Sref SREF reference area, in. 2
T temperature, °F
_ X longitudinal displacement along centerllne
measured from body nose, in.
X/c X/C longitudinal distance from theoret[c._l
wing leading edge ratioed to the
theoretical chord
X/£ s X/LS longitudinal location measured from SRM






SSOL S S,OC DEFZNXTIOH
. Z/_t KILT longitudinal location measured from
,-- external tank nose rattoed to length
of external tank
XC.C. XNILP longitudinal moment reference point, in
XS X-SR/4 longitudinal location of SRN on
external tank. zero for baseline, in
¥ lateral displacement from centerline
- ¥C.C. YNRP lateral moment reference point, in
Z DELTAZ separation distance between external
tank top and orbiter bottom, measured
/..-- at the aft tie point, in
_ ZC.C. ZNRP vertical moment reference point, in
a ALPHA angle of attack, des.
B BETA angle of sideslip, des.
r DZHDRL dihedral angle, des.
6a AILRON aileron deflection angle, des.
6 e ELEVTR elevator deflection m_le, des.
6r RUDDER rudder deflection angle, de S.
n spanvtse location measured from orbiter
body centerline ratloed to half span
PHI circumferential location of pressure
_"_,_ orifice, deK.
_s circumferential location of SP.H relative
• to top o£ external tank, deE.
ET external tank
Sl_ or SRB these two terms are used interchangeably





#I a I ]oron
b base





s solid rocket motor
", T total conditions
C external tank
w wing
,--_/" X pressure orifice number, 1, 2, etc.
• _,
m free stream conditions
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COMPONENTS DI_CR!111.ION
_ SRR Data
_ ($3/2)/(03)1(T9)/(S3121 SRN in presence of ET, one SRN, ._nd
: orbiter.
(S3/2)/(03)I(Tg)(Us)/(S3/2) SBN in presence of k'l', one SP_I,
'.
orbiter, and attach structure.
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TEST FACILITY DESCRIPTION
The P,arshall Space Flight Center 14" x 14" Trisonic Wind Tunnel is
an intermittent blowdo_m tunnel which operates by high pressure alr flow-
ins from storage to either vacuum or atmospheric conditions. A Math
number range from .2 to 5.85 is covered by utillzln8 two Interchangeable
test sections. The transonic section permits testing at Nach 0.20
through 2.50, and the supersont_ _ection permits testing ac Nach 2.74
through 5.85. Nach numbers between .2 and .9 are obtained by using a
controllable diffuser. The range from .95 to 1.3 is achieved through
the use of plenum suction and perforated walls. Nach numbers of 1.46,
1.96, and 2.50 are produced by interchangeable sets of fixed contour
nozzle blocks. Above Nach 2.50 a set of fixed contour nozzle blocks are
tilted and translated automatically to produce any desired Nach number
in •25 increments.
Air is supplied to a 6000 cubic foot storage tank at approximately
-40°F dew point and 500 psi. The compressor is a three-stage recipro-
catins unit driven by a 1500 hp aotor.
The tunnel flow is established and controlled with a servo-actuated
.. gate valve. The controlled air flows through the valve diffuser into
_',, the stilling chamber and heat exchanger where the air temperature cml be
controlled from ambient to approximately 180°F. The air then passes




IDownstream of the test section is a hydraulically controlled pitch 1
!
sector that provides a total angle of attack range of 20 ° (_+10 °) . Stin_ t
offsets are available for obtaining various maximum an$1es of attack up t
to 25".
The diffuser section has movable floor and ceiling panels which are
the primary means of controlling the subsonic Mach numbers and permit
more efficient running supersonically. The sector assembly and super-
sonic diffuser telescope into the subsonic diffuser to allow easy access
to the model and test section.
Tunnel flow is exhausted through an acoustically damped tower to
atmosphere or into the vacuum field of 42,000 cubic feet. The vacuum
tanks are evacuated by vacuum pumps driven by a total of 500 hp.
Data are recorded by a solid-state digital data acquisition system.
The digital data are transfarred to punched cards during the run to be
reduced later by a computer to proper coefficient form.
I
NODEL DESCRIPTION
The model wa3 0.004 scale and was comprised of three basic geometric
components: (1) the external fuel tank; (2) two solid rocket motors
(SRN's); and (3) the orbiter configuration. The orbiter and SRN's were
fastened to the external tank, which was sting supported. The orbiter
and SRN*s were fixed with respect to the ET in the axint and radial loca-
tions depicted in Figure I. Only the baseline configuration was tested;b
i.e., orbiter incidence was 0.5 °, orbiter/ET separation at the aft point
was 0.14 inch, SRB radial location was 90 °, and SRM longltudinal position
was 1.732" aft of ET nose. No control surfaces were deflected during
this test.
The orbiter consisted of a stainless steel body obtained from the
&ockwell force_ielwhichwas fitted with a pressure instrumented
aluminum wing. This wing contained &O pressure taps, 19 on the top
surface of the left wing, 19 on the bottom surface of the right wing,
and 2 on the left wing leading edge. The location of each orbiter pres-
sure orifice and the numbering system are presented in Figure 2. _le
0.032-inch O.D., mmealed stainless steel pressure tubing was routed out
the base of the model and along the exterior of the ET sti,g.
The SPY's and ET were constructed of stainless steel and contained
222 orifices (iii each) and 195 orifices, respectively. Stalnless steel,
annealed, O.032-1ncb O.D. pressure tubing was routed out the base of the
SRM's on the outside of the ET sting while the ET tubing was routed out
• ............il ....................i .........................................................................................................................................................
00000001-TSB04
I
through the sting. Tubing of 0.050" O.D. was brazed onto the 0.032-inch
O.D. tubing as close to the models as possible and routed down the sector,
through the tunnel floor, and out the side o£ the tunnel. At this point,
tyson tubing was used to connect the steel tubing to ten 48 port scani-
,' valve heads.
The pressure tap locations on each model component are shown In
Figures 2-&. The launch vehicle SRMts and external tank were manu-i
" : factured at I4SFC (Model #450 Assembly) per I_FC drawings 80M51305,
31 801451311, 80H51312, and 80M51313. The orbiter was manufactured at Lock-
_ heed-Huntsville. The MCR0074 baseline confisuration was defined by
Rockwell International drawings VL70-000089B, VL77-000012,
:_" VL72-OOOO61B, and VL78-000018.
Ins trumentation:
i_ The model instrumentation consisted of strain gages located on the
, sting for measuring sting deflections, and the transducers required for
•
:, the 457 pressure measurements.
" The wing pressure taps were wmbered chordwise on the top of the
left wins, starting at the front at the inboard chord location and moving
toward the wing tip. The right win s was numbered similarily except on
°: _ the bottom of the wing. This is shown in Figure 2.
I
,! Since the ET is syumetrical, only the left side was instrumented
: with pressure taps. These were numbered axially from front to back at






The SRN's were numbered similarily except that half of the pressure
instrumentation was located on the left SRN and the remainder on the
right. This setup was required to obtain a distribution completely
around the SP_ because of the assymmetrical pressure distributions
caused by the presence of the _r end the physical limitations of getting
all the required tubing in one SRM. Hence, the orifice axial rows are
numbered A through H on the left SRM and then picked up on the right SRM
with I through P as if continued on the left S_.
Test Procedures:
The ET was supported on an integral straight sting which was mounted
in a 5-degree offset. This offset was rolled to + 90 ° to obtain polars at
constant -5" or 5" angle of attack. To obtain the pitch polars of +10", a
short *'dogleg*' sting was used behind the 5° offset to provide zero sting off-
set. This procedure allowed changin S the sting offset easily without dis-
connecting the model pressure tubing. The sting and model setup is shown
in Figure 5.
It should be noted that force data obtained during MSFC TWTS70
(Ref. 4) indicates a substantial ET sting effect on the SRM forces and
moments. Because of this factt the pressure data on the aft portfon of
the SP_*s may contain sting interference effects and should, therefore, be
used with caution. Additional force tests are planned to obtain connec-








_e ,-,essure data were reduced to nondtmenstonal coefftcient form
u_in8 the roll--ins equation:
_X " (PX" P®)/q
where X tNIcates the pressure orifice number.
Model reference dimensions were:
PARAMETER FULL MODEL
SCALE SCA_
Sr_ , Reference area 2690 ft. 2 6.198 fn.2
£ref, Reference le_th 1328 In. 5.313 In.
(Orbiter b_y length)
bref, Reference sp_ 1328 in. 5.313 in.
M_ent reference point
(me_ fr_ ET nose and
a reference. Cor-
responds to lo_t_udinal
position of _blter nose
onaT%.)
_. !_ O_IT_
; XMEP (at orbiter nose) 635 In. 2.549 in.
YMRP (on ET & Orb. 0 0
ZMRP (1.332 Inches bel_ 333 in. 1.332 In.
I Orbiter ,_ on ET _)
,.._ aT
XMEP (2.549 Inches _t of ET nose)635 in. 2.549 in.
Yt.m.P(on aT %) 0 0







X_p (0.8017 inch aft SRN 635 in. 2.549 in.
noge)
YHILP(0.972 Inch to right of 243 In. 0.972 In.
left SRN (_)
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" : TABLE I
TEST CONDITIONS
" REYNOLDSNUMBER DYNAMICPRESSURL STAONA110NTEMPERATURE
MACHNUMBER (per foot) (pounds/sq.inch) , (dqpeesFahlenheit)
i
O.6 5.0 x 106/Ft. 4.4 I00
0.9 6.3 x 106/Ft. 7.S 1Qo
1.05 6.6 x 106/Ft. 8.5 100
i 1.25 6.7 x 106/Ft. 9.5 100i
i=:i 1.46 6.4 x 106/F.t. 9.6 100
" 1.96 7.1 x 106/Ft. 10.5 100
2.99 4.I x 106/Ft. 5.3 140





! ;_,. CAPACITY: ACCURACY: TOLERANCE:
: + 0.025 @
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F/J!,!L COMFO,LNT: BODY- SlO Dod:r
' t
G;tIEflALOESCRIPT[OH: ffuuelale. 2A C_mftaurmtioa, LiRht_eIKht Orbiter,
per P_ekve1| Lines VL70-000089 "B': ........
i
kale _l_-el - 0.004
VZ.70-000089 "B"
D_.,:IrlG GU:_P,ER: vLTn.noooq2_ _. 94 **&'*
DIHENSIOfIS: _ MODEL SCAI,_.
Length in. 1328.3 5.313
Max. bltdth /.n. 0 1[o - 1528.3) 265.0 1.060
Max. Depth in. 0 Xo * IM0.52) 248.0 0.992
Ftneness Ratto 5.012 5.012
Area rt 2





:0 f,X)OELCOMPONEHT: BODY- _no_ -(:5 ....
GENERALOESCRIPTION: , _ r,_e__emmtin. Fer t4M.
VLTn-O00092
ml i i
kale Ilks,del ,, 0.004..
DPJSglrlGt_U,'4bER: VL?O-O00092
DIrlENSIOflS: YIK.L SC.4LE HODI_ SCALE
Length (S-_k[_d mulklmad) _ I.S64
Max. gidth _. e.. Bulk!heAd) 560. 9 2.240
Pax. Depth O@ z - 421.922 to z - 500)
Fineness Ratto
: Area
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' TABLE liE (Continued)
..., .
I_Ui:LLCnMPONENT: BODY-I___!im__ator Bouoins i)-7
5LNERALDESCRIPTION: 2_ ¢onftsuratton Per bclmet1 L_Lnee
VL70-000_092
: _-_.e l_--et - 0.004
: Dl_'at r_Gf_L;_ER: VL70-000093
i[
.: DIHEflSIOflS: _5 SCALE MODELSCALE
: Length in. 881.00 3.524
Max. Mtdth in. 51.00 0.204














TABLE III (continued) i
F_DELCOMPONENT: BODY- 741Sod7 Flap




Scale Model - 0.004
DRAWING.UHBER:VLTO-OOOO96A
DIHENSIO_S: .._ MODEL SCALE
Length _ 0.339













: I_,_EL COHPONENT: BODY- _ pod - zqcz ._
ii GENERALDESCRIPTION: 2A LlahL_wei_ht Con£:Lzutstlon Per Roclaeell L:lLues
v'jr.70.OOOCbq&A
i




Hax. Wtdth xo . 1450.0 108.0 0.432







_ oF l_s ?OD
gl'- 663.9 It_ : WP400+ 63.9 - 463.9
BZP- 80.0 131_S
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NOte. , . ane per-
, y1.70-000093 : i i
i, __eata Model m O.QQ4
T..'_ ::0. . I_lG. NO. w.7o -oooo93_
c:::_?:s:c:_s: . FULL-SC_E.V,OOELS.Cr,LE
Q / *TOTtL 9tJA -,,..
-_rea (:l'neo.) Ft2 " 'J:,_
Plan fern .. _ 0.043
Span(Theo In. o4t_ r_ 3.747
: Aspect.Rat.Jo _ 2.265
• ' Rate of Taper "" " . 1.177 _t177
_:: Taper Ra_,to _ 0.200
:" Dihedral' Angle, degrees 3.500 3.500
i Incle_ce Angle. degrees. 3.000 _.000
_i, . Aerod_.a_at(:.Twtst., Cegrees _ - +3.000
; SweepBack An_los, de;tees
Leadtng E¢:ge _ 4p.ooo
Tr_ltng Edge -_.=/£,2,.%.-- -lo.24
0.25 Element Line .. _.
• Chords: .
Root, (Thee) 3.P.O.O. _: - Ttp, (Thee) B.P. _ -
i:_ _ Fus. Sta. of .25 ,vJ_C .. ._ _,4s8
_l.P. of .25 :_,AC 2_9.20 1.197
i B.L. Of .25 _IAC _ . 0.728 ,
EX_OSEO_r,TA
• _ _reaO_o) et,z _ o,o_8.
' _ Sp_n, (Ti_eo) In. BPIOE _ 2.883
i_.. Aspect, Rat.to _
_ Taper RA_]O t2451 r2&S1
r" C_Ards "
i '_ bet BPI08 _ , 2t 250
Tip 1.00 k ....... . _ n,_ 0,551, .
HAC 2 393.03 )..572_
_'us. Sty. :_ .ZS IqA_. _ .___,2.kl..--
W,P. of .25 ;.:,AC ___ _..1.?_1.--B.L. Of .25 _,AC _ o_TS
_,, Atrfo_l Sect.ton (_c_r,vell :'o: NASA)
_- XXXX-B4
Root,b • 0./,2_; .lO .10
Z
• 1.00 ; . _12 , 12• Tip b . • _
&
Data for (1) of (2) S_des
,' Lead_ngEdge Cuff _ ' ' IPlanform Area FC" _ . _,o I
Leading [c:ge Intersec:s Fus H. t. tl St4 _ 2;2_0









! TABLE Ill (Continued)
I
_D(L COMPONENT:!lew- R-I _ I
6(R£RALOESCRIPTION:2A couf_ura_ _e_ V-87
!
p.ockve12 LlpOm VL70-000093
Dal:a for (1) of (2) 8£del
Scale H0del " O_p04
DRAWINGNUMBER:yt#Q-900093
DIMENSIONS: THEORETICAL ACTUAL MEASURED
MODEI_.SCALE MODEL SCALE
ArearT2 " 20S.S2 o.oo3
• Span(equivalent) ta. _
Inb'd equivalent chord _ o./,59
Ootb'd equivalent chord _%_r_
Ratto movablesurface chord/
total surface chord
At Inb'd equtv, chord .208 ,208
At OutJ)'d equiv, chord ,400 ,400
Sweep 6ack Angles, degrees
Leadtng Edge o. oQ o. oo
Tat Itng Edge _ -10,24
Htngellne o. oo o. oo
Area Moment _
Oiormal I:o hLnse l£ne)





_Dr.L CC_O;I_4T: VERTICAL- v5 (Lisht.Vt. OTbtter Conftgurattou) . ....
GCIEP_ DESCRIPTI_d: __CnterttM Vert_ir.al_ Tail. Double Wedse . ,
•. _ AiTfoil ' with ,Rounde,_Leading F,dlle , , i ....... I• j
. . . • i • m I I II _J II
Scale Model ,, 0.004
ImI J I I I III IIlI m s
+I)_'_?I;:G:;U'.'._£R.: VLTO-O00_S '
otvzxstc: s: • . ,P L-SCALE_moa SCALP.
i TOTALDATA
Area (Thee) Ft,2 4!3,25 _ 0.007 .Planform "" -
• Span (Thee) In _ ,Z.263 '
Aspect; RAtio _ • 1.675" II
Irate o_ T_._.r _
Taper Ratio . .A_ L , _I I
_beepBackAngles, degrees +'
Loading Edce • 45.0o0 45.00oi|l -, II
Tra|ltng £d_e _ 26.249
Chords: +,.
Root (Theo) WP ...Zft,Ji.,.q___ I,,q74 .
Tip (Theo) _.?. _ '_o.434
KAC _ _ 0_799 '
Fus. Sta. of" .25 P,AC ...J,.q.(I._.+_Lg_ _854 'M. P. of .25 _AC - _ __8. L. o," .25 ,v,Ac o.oo :b.oo
' Ai r'foll Section .....
: LeadingWedgeAngle Ge; _ Ill I_4 000
Tratltng ;:edge Angle =el 14.920
Leading (dge Radlus,'-+..:. 2, O0 -
Votd Ama_pta _
., BlanketedAI.ea.-,-F_2 12.67
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"" i I TABLE III (Continued)
mO(L COHP_[XT: m_.t._A..
6_;I(P_LOESCRIPTION:2A CoufLsuratLon ?er Koclamll LLue8 VLTO-O0009S
*
i in
" ,Q le Hndel - 0.004
ORAMING1_,I48ER:VL70-O00095
::'" DIMENSIONS: THEORETICAL ACTUAL MEASURED
MODEl. SCALE MODEL SCALE
Area lv22 106.38 0.0017
,,_ Span(equivalent) in. _
Inb'd equivalent chord _
0utb*d equivalent chord qn_a_ 0.203
Ratio movablesurface chord/
_. total surface chord
: At Inb*d equiv, chord Q.4OO 0.400
At Outbd equiv chord _ 0,400
SveepSackAngles, degrees
Lead1ng Edge 34.83 3_. 83
• Tatllng Edge _ 26,25
Htnge11ne _ :_4.8)
,-- Area Moment _ O,00003
01o_41 r.o hLn$e 1LLne) 1_
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TABLE III (Continued) j
mOEL COMP0flENT: BODY - Z,ztert_l 'JMnk'L_ mad
GLNERALDESCRIPTION: _q..Conf£zu_tton.?er itoclaa.e.ll ,LLn..u VL78-OOOOtS a.d
--mm._
i • VL72°000061B: lk)dT of ItmvolutLon, M_thout Itetro Faelmge .,
i
__ it |l q e =,= ,
Sc-_lelelo_l = ,_ ..... : ._






Max. Idldth (nta), in. _ __.2_.,___
Pax. Depth
i









]PS (OrbLter) - 0.00 - TAHX $1_tLon 751 ZtlF8
VP (ET) - 400 - 344.413 - 55.587 ZH18
|P (Orbtter) e 0.00 - 0.00 lit
; 4
00000001-TSC09
L l I I I l t L,
." TABLEIll (Conl:lnued)
MODELCOMPONENT: BODY- S3 Boomter Solid Boeket ..Motor . '
GENERALDESCRIPTION" .2&ConfLlmrltttoll Per itoekeeU Lt,ues V1.77-000012 and
_r.,72.o0006 I..I
BodT of. I_volucJ_Jm, kl_ for .(1) of _| S/des i
Sell, Model - ,004 , ._
_+ DP_;IIIG IIUMBER:v1,77-000o12
Data for 111 of (2) Std_
DIMEKSION$.: __ _DEL +_:¢;,+'..
Length. In. (£ncludln8 tmssle) i, 1758,00 7.032
+_ l.,lax. WtdthO)JA) lu. I_I_ Tank _ 0.,_568.,
,+ Max. Depth (Dial _ s_z_ 259.00 1.036
•_,_ Fineness Ratio ._6.7.8Z_ 6,787 ....
_. Area, rt 2
:: _r MaX"Cross-Secttonal _sq_n7 O.005.*
Planfom




IP$ (Orbiter) - 0.00 - 751 in. _ - 202.0 BSN ++
WP (BSgN) -k'P 400 (Orbiter) - 344.413 - 55.587 llSrS








! ] ! I I 1
. ._AaCBzn (Con,:tm_ed) . j
/gg(L COP-°ONE#T: 80DY" A_t o.zbLte T and M Al:tach ,8tructure-U_
t
G4I_ML O(SCRIPTION: _l conl/zurmtlon Per RoclweIl LLueo ....
Vl.72.000061B end VL78-000018 I II I I I I
__ e
I I




DIItENSlOI|S: .... ..'_ .' *" *_" _ ]_ODI_L_,C^Lt-;
_ OrbLtec Attach 8_tLon _ 1307 tu. _,228 in.
e
* I_ At:r.aeh 8tstLon 2508 f,n. ...../L,_V._A/_











,! [ I I ,_ i I ,
I_ ,
_4
._. _ _ _t_-_!
!,_ q
OR_GINA/_PAO_ m
OF POOR QUALITI" 35
,
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Volume I--ET (pgs. 1-792)
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